Fate of mountain glaciers in the anthropocene by Bengtsson, L et al.








Fate of mountain glaciers in the anthropocene
Bengtsson, L; Breashears, D; Crutzen, P J; Fuzzi, S; Haeberli, W; Immerzeel, W W; Kaser, G; Kennel,
C; Kulkarni, A; Pachauri, R; Painter, T H; Rabassa, J; Ramanathan, V; Robock, A; Rubbia, C; Russell,
L; Sánchez Sorondo, M; Schellnhuber, H J; Sorooshian, S; Stocker, T F; Thompson, L G; Toon, O B;
Zaelke, D; Mittelstrass, J
Abstract: Unspecified




Bengtsson, L; Breashears, D; Crutzen, P J; Fuzzi, S; Haeberli, W; Immerzeel, W W; Kaser, G; Kennel,
C; Kulkarni, A; Pachauri, R; Painter, T H; Rabassa, J; Ramanathan, V; Robock, A; Rubbia, C; Russell,
L; Sánchez Sorondo, M; Schellnhuber, H J; Sorooshian, S; Stocker, T F; Thompson, L G; Toon, O B;
Zaelke, D; Mittelstrass, J (2011). Fate of mountain glaciers in the anthropocene. In: Workshop on Fate





7KH ZRUNLQJ  JURXS FRQVLVWV RI   JODFLRORJLVWV FOLPDWH VFLHQWLVWV PHWHRURORJLVWV K\GURORJLVWV
SK\VLFLVWV FKHPLVWV PRXQWDLQHHUV DQG ODZ\HUV RUJDQL]HG E\ WKH 3RQWLÀFDO $FDGHP\ RI 
6FLHQFHVDWWKH9DWLFDQWRFRQWHPSODWHWKHREVHUYHGUHWUHDWRI WKHPRXQWDLQJODFLHUVLWVFDXVHV





































.\HWUDN *ODFLHU  3KRWRJUDSK\  &RXUWHV\ RI  *ODFLHU :RUNV
.\HWUDN*ODFLHU  /RFDWLRQ &KR2\X P 7LEHW$XWRQRPRXV 5HJLRQ (DVWHUQ
+LPDOD\DV(OHYDWLRQRI *ODFLHU²P&RXUWHV\RI 5R\DO*HRJUDSKLFDO6RFLHW\
$5HSRUWE\WKH:RUNLQJ*URXS&RPPLVVLRQHGE\WKH3RQWLÀFDO$FDGHP\RI 6FLHQFHV3$*(




























































ORZHU DWPRVSKHUH R]RQH DQG K\GURÁXRURFDUERQV E\ DVPXFK DV 








































































RI VXPPHU LVDERYH WKHPD[LPXPDOWLWXGHRI  WKHPRXQWDLQV OHDYLQJ WKHP OHWKDOO\
$5HSRUWE\WKH:RUNLQJ*URXS&RPPLVVLRQHGE\WKH3RQWLÀFDO$FDGHP\RI 6FLHQFHV3$*(
YXOQHUDEOH WR RQJRLQJ FOLPDWH FKDQJH *ODFLHU IUDJPHQWDWLRQ LV RFFXUULQJ LQPRVW
DUHDVOHDYLQJWKHUHVXOWDQWVPDOOHUJODFLHUFORVHUWRGLVDSSHDULQJDOWRJHWKHU
*ODFLHUDUHDVDUHREVHUYHGWREHVKULQNLQJZRUOGZLGHZLWKWKHKLJKHVWUDWHVDWORZHU








FORXGVµRI EODFN FDUERQ IURP LQHIÀFLHQW FRPEXVWLRQ FRXOGKDYH D ODUJH LPSDFW LQ
UHJLRQVVXFKDVWKH+LPDOD\DV:HKDYHYHU\OLPLWHG³DQGLQVRPHFDVHVQR³HQHUJ\
DQG PDVV EDODQFH VWXGLHV WKDW TXDQWLI\ WKH EODFN FDUERQ HIIHFWV RQ VQRZ DQG LFH
LQ VXFK UHPRWHPRXQWDLQ DUHDV 7KH LPSDFWV WKDW ZH GR XQGHUVWDQGZLWK GHWDLOHG
PHDVXUHPHQWVLQWKH:HVWHUQ1RUWK$PHULFDSURYLGHLQVLJKWLQWRWKHVQRZDQGJODFLHU
UHVSRQVHVLQRWKHUVLPLODUO\DIIHFWHGUHJLRQV




RI SHRSOH7KHLUEHKDYLRXUFDQEHGHFHSWLYH*ODFLDOPDVV ORVVFDQFDXVHDQ LQLWLDO
WHPSRUDU\LQFUHDVHLQUXQRII GRZQVWUHDPIURPZDWHUWKDWKDVEHHQVWRUHGIRUDORQJ





















WKUHVKROG ZKLFK KDV EHHQ DGRSWHG E\ WKH LQWHUQDWLRQDO FOLPDWH QHJRWLDWLRQV 7KH
(DUWKKDVDOUHDG\ZDUPHGE\&VLQFH$'DQGPLJKWUHDFKVRPH&E\







8QGHUVWDQGLQJ WKHFDXVHVRI FOLPDWHFKDQJHDVZHOODV LWVFXUUHQWDQGSURMHFWHG
LPSDFWV SUHVHQWV VRFLHW\ WKH RSSRUWXQLW\ WR DYRLG XQPDQDJHDEOH LPSDFWV WKURXJK
PLWLJDWLRQDQGWRPDQDJHXQDYRLGDEOH LPSDFWVWKURXJKDGDSWDWLRQ7KHWLPHWRDFW
LVQRZLI VRFLHW\LVWRKDYHDUHDVRQDEOHFKDQFHRI VWD\LQJEHORZWKH&JXDUGUDLO
3RVVLEOHPLWLJDWLRQ E\ UHGXFLQJ FDUERQ GLR[LGH HPLVVLRQV DQG H[SDQVLRQ
RI FDUERQVLQNV&2LVWKHODUJHVWVLQJOHFRQWULEXWRUWRJUHHQKRXVHZDUPLQJ:KLOH
PRUHWKDQKDOI RI &2 LVDEVRUEHGE\RFHDQDQGWHUUHVWULDOVLQNVZLWKLQDFHQWXU\
DSSUR[LPDWHO\UHPDLQVLQWKHDWPRVSKHUHWRFDXVHZDUPLQJIRUPLOOHQQLD(YHU\
HIIRUWPXVWEHPDGHWRFXW&2GLUHFWHPLVVLRQVIURPIRVVLOIXHOEXUQLQJFXWLQGLUHFW








ZDUPLQJVLJQLÀFDQWO\E\WKHODWWHUKDOI RI WKLVFHQWXU\DQGWKHUDWHRI $UFWLFZDUPLQJ
E\WZRWKLUGVSURYLGHG&2LVDOVRFXW












WRFRO RQ 6XEVWDQFHV WKDW'HSOHWH WKH2]RQH /D\HUZKLOH OHDYLQJ WKH GRZQVWUHDP
HPLVVLRQVRI +)&VLQWKH.\RWR3URWRFRO7KLVZRXOGSURYLGHWKHHTXLYDOHQWRI 
JLJDWRQQHVRI &2LQPLWLJDWLRQE\RUHDUOLHU7KH0RQWUHDO3URWRFROLVZLGHO\








DJJUHVVLYHO\DV WKHGLFWDWHVRI VFLHQFHGHPDQG7RJHWKHU WKH\KDYH WKHSRWHQWLDO WR
UHVWRUH WKH FOLPDWH V\VWHP WR D VDIH OHYHO DQG UHGXFH FOLPDWH LQMXVWLFH%XW WLPH LV
VKRUW:DUPLQJ DQG DVVRFLDWHG HIIHFWV LQ WKH(DUWK 6\VWHP FDXVHG E\ WKH FXPXOD






FHSWDEOH ULVNV HYHQZLWK XOWLPDWHO\ VXFFHVVIXOPLWLJDWLRQ 7KHUHIRUH LQ DGGLWLRQ WR
PLWLJDWLRQDGDSWDWLRQPXVWDOVRVWDUWQRZDQGEHSXUVXHGDJJUHVVLYHO\
:H FDQQRW DGDSW WR FKDQJHV ZH FDQQRW XQGHUVWDQG $GDSWDWLRQ VWDUWV ZLWK
DVVHVVPHQW$QLQWHUQDWLRQDO LQLWLDWLYHWRREVHUYHDQGPRGHOPRXQWDLQV\VWHPVDQG
WKHLU ZDWHUVKHGV ZLWK KLJK VSDWLDO UHVROXWLRQ UHDOLVWLF WRSRJUDSK\ DQG SURFHVVHV




:H QHHG WR FKDUDFWHUL]H WKH FULWLFDO FOLPDWH DQG UDGLDWLYH IRUFLQJV RQPRXQWDLQ
























*HRHQJLQHHULQJ LV QR VXEVWLWXWH IRU FOLPDWH FKDQJH PLWLJDWLRQ 7KHUH DUH
PDQ\ TXHVWLRQV WKDW QHHG WR EH DQVZHUHG DERXW SRWHQWLDO LUUHYHUVLELOLWLHV DQG RI 
WKH GLVSDULWLHV LQ UHJLRQDO LPSDFWV IRU H[DPSOH EHIRUH JHRHQJLQHHULQJ FRXOG EH
UHVSRQVLEO\FRQVLGHUHG7KHUHKDVQRWEHHQDGHGLFDWHGLQWHUQDWLRQDODVVHVVPHQWRI 
JHRHQJLQHHULQJ *HRHQJLQHHULQJ QHHGV D EURDGO\ UHSUHVHQWDWLYH PXOWLVWDNHKROGHU
DVVHVVPHQWSHUIRUPHGZLWK WKHKLJKHVW VWDQGDUGVEDVHG IRU H[DPSOHRQ WKH ,3&&
PRGHO7KHIRXQGDWLRQIRUVXFKDQDVVHVVPHQWKDVWREHPXFKEURDGHUZLWKGHHSHU
VFLHQWLÀFVWXG\WKDQWKHUHKDVEHHQDFKDQFHWRFDUU\RXWWKXVIDU
,W PD\ EH SUXGHQW WR FRQVLGHU JHRHQJLQHHULQJ LI  LUUHYHUVLEOH DQG FDWDVWURSKLF
FOLPDWH LPSDFWV FDQQRW EHPDQDJHGZLWKPLWLJDWLRQ DQG DGDSWDWLRQ$ JRYHUQDQFH



















DQGIDLUSROLFLHV WRUHGXFHWKHFDXVHVDQG LPSDFWVRI FOLPDWHFKDQJHRQFRPPXQL
WLHVDQGHFRV\VWHPVLQFOXGLQJPRXQWDLQJODFLHUVDQGWKHLUZDWHUVKHGVDZDUHWKDWZH
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